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(54) SHG ELEMENT, SHG DEVICE AND METHOD FOR DECIDING EFFECTIVE REFRACTION 
FACTOR OF SHG ELEMENT 

(57)Abstract: 

PURPOSE: To aim at the effective utilization of energy to a desired 
basic wavelength by obtaining an effective refraction basis of a real 
value of the change efficiency and a real value of the reflectance, and 
making this result feedback to the design of the SHG element. 
CONSTITUTION: A substrate 102 of LiNb03 of an SHG element 
100 is formed with an optical wave-guide 104. This optical 
wave-guide 104 is provided with periodical polarization reversing 
are£is (domain reversing area) 106 so that refraction factors nl, n2 
thereof are different from each other, and areas, of which period is 
changed locally, are provided to form parts for satisfying the 
simulation phase matching condition (QPM SHG part) 1 10 and parts 
for satisfying the black reflecting condition (DBR part) 120. With this 
structure, the SHG wave emitted from the SHG device in two 
directions aic synthesized by an optical synthesizer to utilize the full 
of the energy output from an LD as a basic wave light source, and the 
SHG efficiency can be improved practically. 
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L=3 A,„c / {4 [n (As«c /2 

^li&i'Si^tC, AsHc mit3f9 2 4nmr'*^o CC?)2^ 
S<5[)aW®»T*n (AsHc =924nm) =2. 164 
-C*«5. $fc. n (AsHc /2 = 4 6 2nm) =2. 2 
7 ir-^-SOt:, KCClftHgiyit (5) S^tCCn^CDffi* 

[0077] ;>CiC. 1 . 3 fMm(D&m<0^^tc'r^^' 

^ft-}" (LED) ^i>^i.^xc<D^mimtf'h<Ds:si 
rii. p = 43<b-rSo 

[0 0 7 8 ] An = p X 1, 3 2 7/4x6. 498 - 
n (1. 327) 

= 43x1. 327/4x6. 498-2. 144 
= 0,0513 

m^^(b^n = 0. 0 5iLrJ:li„ C coffl A n 

t-iTt^B^-r -5 S H GS^CQSit^WjaiJ^Jcfiii Lxm 
[0 079] i>^'Pb/^n^m&!^<^^^fc^(^\t. 
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[0 07 5] -ec-c. ccxtit^r. stifcumotc 

(8) SitClSor, An**26-5„ 

[0 07 6]5fer. h y vy^:7 ^^O— 
ai^rfflC^r Ji«:6S 6.5m m(^>i^SSS«ia* L i N b 

(nm) 4:mO. mm^SH(D^^i&M(DmiiLXt 

-yXTTkUfcTi :-^'yir^'^\y-'^(o:^^^V>\^^^m 

- 69 3 0 nmggtcEe>nrii'6Bi^-e. 3:X©QPM 

^i^^ 6 i^SSfe^fi^O^^ 2 L ^*a^> ^ c ^ . 

coi*. ^(4) ccfcc^r. mm^^nm.{ytcm<o& 

-n (As«« ) ] } • • ^ (1 1) 

[0 0 8 0] Sit. C(Z>^09rtt. L i NbO, 

«<hl^«tClxrAri€r^is6^C<?:K:j:D. :7fe^?6!S<0|| 

[0 08 1 ] <a^^^IoJ±$i±^/ci^©iaK&D^S 

^sfl9i^s:cDi5i?g>^x^. ±}&(o-nm^mi.^x^mcm 
mmmfomm^^i^fcsnGm^m^-oi.^xmm-t 

[0082] 01 StCTS-rSHG^^tt. cfcOffiSM^t 

^^(?:)^?:^-s/cs^)Oc. fiK$f|®^g:3 0 0 

nm-um^WiZ 0 2 L^m.^x\.^h. cosnom^ 

LiNbO, CDSS3 0 4<bC(DSS3 0 4CD+C 
40 3 0 8i^AA. S6icS»ifl^»@SK«i^3 0 6CD3fe 

3^i^±fcc^'m(*M3 1 0 ^ifii,x^\ii htxtdm 

l(Omg3 0 2 ai. SiS3 0 4 0911 1(011^3 0 2 a 

©wiKkosp^tc c 1 corns 3 0 2 atc?s-:>r-en-e 

nSl:f e»n/c»2©^@3 0 2 b iT'^^Lfcm@3 0 
[0 08 3] t,fc. Sffi3 0 4 or>me 3 0 2 WcM 

3 0 o^:a:X-cc ^&, 

50 [0 0 8~4 ] ^(*a 3 10 '\^7%MWS&3 0^(DmW 



1 



15 

COS i K3 1 0<DJf$fi£^i^Sx«mdF.^»aM^Cj:^ 

[0 0 8 5] usa 0 2 comskmcom^itt. m 



10 



SSStCbTli^). SI (DliSS 0 2 aiM2<DSS3 0 
2 b iCDHPSG»Afr^'5<!::?t^igK3 0 S-^fi^MO^tc 

An (A) =- (1/2) • n' (A) 

Oj rti3 2x 1 o-^'m/vr&^o f^. coacDA 

^. Sg3 0 ZtCEPflnrSmE^rSSaJ-r^Ci!: 

^iO. /l»T*n (A) CDK^-C*^r3t-U>;^SL 
c (Dii<5::/'7:7:J7SS*^A/ {2n (A) ) ^UmiT 

Cttfi-C^^o C<D<fc5tClxT. C®5bSC0fiLg?: 

Ez =V/ {2G> 

(1 5) (14) ^tcKAT^i. (16)S;^3 ★[0090] 
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raiSG^ 1 Mm^<!:-r'5>a C©^S3 0 2tC«. 7-^ 

[0086] AiCs m&3 0 2 tc<fc 0 mnm&ufcm^ 

mtiAn (A) to. »S3 0 4OZfili:firfoI (GM^ 

m<o^mr^ (14) v^xhtii. 

[0 08 7] 
• r» (A) • Ez • • - • (12) 
^ ^ Q P M<«®^ S H GSH^^&^31*r ^ C it ^^r* # 

[0 0 8 8] 'Ai^. mmsozicmEEv^WMLtcm^ 

i6J:Z/m2(Dmm3 0 2 aiJiry^S 0 2h(Dmm:^^GX 

s>i>m^s m$ji:.<D^ (15) v^^Libmctfj^^h 

[0089] 



20 



(13) 



An (A) =- (1/2) 



n 



(A) • r„ (A) • (2G) 



(14) 



ccx\ mti. s-QPu^f^i^-^i^x^m-r^t. 

i^^iim&ommm. a/2) = 

(QPM^ft) =A/ [4 {n (A/2) -n 
(A) ) ] 

(DBRftft) =p A/4n (A) 

[0 09 2] ±if U/c (17) S H G*^C7>f^SS 40 

[009 3] CC-C, mgK:miEV^:EPSlJ*r'5)ilffi*f* 
n (A) t^^it-r^. COtc^. QPU^mmT<0 
(18) ^(D^^(rCmtt^. 

(QPM^fr) =A/[4 {n (A/2) +An (A/ 
2) -n (A) -An (A) ) ] 
= A/ [4 {n (A/2) - (1/2) • n^ • (A/ 
2) • Tai • (V/2G) -n (A) + (1/2) • n 50 



(18) 



*r) t<TCD (17) ^<0^^(^ 

[0 09 1 ] 
(QPM^ff) 

(DBR^fl^) (15) 

' (A) • Tb. ' (V/2G) } ] 

-yj. CCDt^ODBR^mt. &rF(D (19) 3S;CD<t 

[0 094] 

(DBR^#) =pA/4 [n (A) +An (A) ] 
= p A/4 [n (A) - (1/2) • n' (A) • r^a 
• (V/2G) ] • • • • (1 9) 

dr = (A* /2) - (QPM^fr) 
= (A* /2) - (DBR^fr) 
S H G«^<Dfie^{t^lg^S^tC«-:?< S - Q PM5& 

^0. ^^ ^OtU^tci^ 
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[0095] WiC^ mEE*EPflnb/cia^©QPM^:fo 

:m.<D^& (nm) mm\t. mi^m^^<om 

»l*abrC^-5>o 0*. 3t-U>:^^:g (QPM^) 
fr^r^b. I I SSK: 1 0 V(DSE«:EnSaL/c 

it^<5[)QPM^<^^^Lrii^« — a*, (dbr lo 
^) I I I feJccjqKS I vr:^L/r4>^o ftS 

I I Hi. '§gK:mEE^En»ni^rii>^t^^(7)DBR*ft 
WSl I ®gK: 1 0 Vo:>WS.^&M\^tcm 

■T'Sci^cJrorffliE^-r'Sci^irt. shg^^© 

^lfeS&^«:^tcr ^ c t-^X^hC tliCtzh. 20 
[0 0 9 6);?:tC. ag«ISiQPM^*5<tCfDBR 

?g^€:^< t S -a- "5 c <b J: r Tfe^^fflSf b 

[0 09 7] ^K:. aK^rSfiaJb/cia-^OPM^^ 
iCfDBR^CD^ibOfil^^tf^lgr^r^ro ai 5 
li. S H G^^QTfe^l^Ofigi Q PM^ft^SCf D B 
R^i<DM^«:^*ra"C*5p S^ii. 

(nm) ^au. illftti. JS^:9^S^ii<0^Ri^ab-C 
t^€>. acfi. 3t:-U>Xfi (QPM^) €:ii£"r^ 30 

3 0 OKCDSgTOia^OQPM^^^U. K^V I 
3 5 OKCDagT©QPM^S^*^l/r(r>So — 

E*. (DBR^ft) ^&mv\ i^^imuvi 
I I r-mi/r*^o ftiSv I I 3 o oK(^)a^© 

^^L/rt^-So a 1 5 kiTsr J: ^ tc. sfcsvi*><fcc;v 

I I \(D^L^.(Dmm\t. 3 OOK(Dit^K:J:b-<r4 0 n 
ti)^X^ 

[0098] —mc. ^umo>i5iy^. mmm^it"^ 

3^+nmO[).«grvs^->^SiiiT^C<!:;!?^ 
r^-^o e^oT. ^?±(DSHG#-?<Df'P^^C4dt:r-E>f'Fi? 50 
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ifiX^^. 

[ 0 1 0 0 ] HI Ai6^Z/m 1 5 tC^ L /cm^f^jai 

^ ^ - ^ i l/T ttT<^fii^RA /c. 
G= I Mm= 1X1 O-'ddl 
r3i = 3 2. 2X1 0-" m/V 
n ( 1. 3 Mm) =2. 1 453 8 
n (0. 65/xm)=2. 1 98 824 
p = 43 

c CD J: ^ cc , s H G^-?^^m^-^S&f^B$.#.r 

-rtitcm^h. c(Drti^mmbxmms^^j:m(rcis:i.^$^ 
[ 0 1 0 1 ] f^. ±^ofc^mR:j^mnmm^mt. 

S-QPM SHGM^^tii^'r. DBRgP^iQP 
MSP^i ^rfflgfltc^;^ /c S H G^^^fflt ^ C i feT t 

[0 1 0 2 ] <SHG^^SS§8>;J:(C, SHGS-iFK: 

^m.m-r^. ±MOfc^ (4) cZ)2ocr)^%--7y-:$fm. 

pCD^i^mOm^tmm^trClttl^tcltZX^h. fie-p 
LiNbO, «:M4C^tfri$i?8-r^^. nfc--U> 
L c tJS^ifefe^^DJS:^*^ 1 , 3 /X mg]g-C*n« 

6 u mmmx^^. C^DggC?)^ha'C$>n«. ^SOg ' 

\t^^x$>^o m= 1 KioiiT^^-r^i. c 

LiNbO, (Dmirm^^^T ?> t . p<om:^^ I mt^ti 

( 4 ) sir^x. e> n-s^mi o . 2 s m mgs^^b-r 
&*:'«c[)^ {b^tcfas-r^iK:^jy±aB:&> < s h gs?:^ 

rii. DBR«a^C7)Sl^<hSHGm^iLTCDS|5^i?: 

m—(o^mm& (—iimx$> -oxi^t fc\tmsmx$> 
r4>j:i^ ) ^^i.^x^mt^ctttcxnc(Dmm^m 

^-r-S. C<3!)B#, ±iaiL/:rcS ( 1 ) X^mc£Sn^m^> 
[0 10 3]-ecr. C(Dm^<OSHGm^\t. SHG 

iixhi>o "toy—^mn^m 1 ^^-To a 1 ccij^-r s H 

G^^ 1 0 0(Om&X\t. m«L i N b O, OSfi 1 

0 2k:. wL^mmLtctmmji^it:^^r>x^Mm^i 

«1« ( ^>SfeM^) 1 0 6 -e<Z)^«9^gP 
5M5K:^x./cMi|?^St:f-5CiK:j:or. QPM SH 

GgP^l 1 0<tDBR^»l 2 0<h^^f^"r^o COm^ 

!^(D{±yj\ttm^$>^^^. c(DmMmx\tt. qpm sh 

GBSP^l lO(D-^y^mm(^DBRUi9i'l 2 0^miX 



IS 



^9. Li^i>. cn^DBRiP^S^l 2 OtCSHG^^l 

Ap.« /2 = p A/4 [n (A) +0. 0531] 
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20 

* [0 10 4] CCC. SHGS^^— ^<hLr. 12 UC 
mi^ct^ . T^^^o. 1.32 7 nmm&t 

OX. Mi^&^(rcmmti>. DBRgP5Jcr>^KBAo.« 
(1 2) -c^^en^o 

[0105] 



( 16) 



CCr. n (1. 3 2 7) -C*?>;6^6. 1. 3 2 7/4 
(2. 1 44 + 0. 053 1) =0. 1 5 1 i>i^. * 

2gi*U-1f (LD) ->^<3!)Ji^^ti. p^mmxi>i>ii 

/2 = 1 . 0 6 umttx^. 

[0 10 6]—::^. QPM SHGgP^cD^iiWAsMc 

R= { [ 1 - (na /Hx ) n, (n 
[ 1 + (n, /Hi ) 
n» =n (1. 327)+0. 05 1 3 = 2. 1953 

n, =n(l. 327) + 0. 0513 + 0. 001 = 
2.1963 

v$>^i^h. 7 5 ojgja (2 x= 1 5 00) i-rn«. 
R=o. 392 2iao, mt4o%<DS,Mm^m^n 

D B Rg|5^<Z)ll^ti. 1. 06x1500=159 
Oum. *r*^:>'^/l. SmingS'C*^. 

[0 10 9]S/c. QPM SHGa5:9^ti5;!^^6 1 Om 

±i^(D-^{t6. Sf)^(^l 1. dmmm&V^^V$>^ 
CttfCtj:^^ 'rtj:t>i5. Se3fc<Z)S HG^-?^lt^"Cl 0 

[0 I 10] ±MLtcm^mV{t. DBRSP^^SHG 

-rJr^^c. SHG«-^1 0 0OAai:bS^DBR1«jil 
2 0*^n^nS:t+. CCDDBRSP^^l 2 Or-SHGSB 

SHG^-9^1 0 0cr)SHGja$*liJ<-r2>Ci;&^ 
DBR^Jgl 2 0SrAS*«l!fl<3[);?fCr)St:f/cSH 
G^-T^f igcDit^i . Aai:^C7)j^^fJ^ D B 1 2 

0 ^^ti^ti^mc s H GS^^i^ 1 0 0 <b s h 

GK^^tiDBROiEM*^ r tLX^rt^ (1 - 
r) -MgtCJ^j-SCi^&^aienTCi-^Or'. CCD20CDD 

B R<f it 1 2 0 ^Sffl0^^t:f /c S H G^-T^tit^i. 1 *o 

CD D B R A S H G^T-^itcDiS^tC Jt-^T . 

(1-0. 4) -=^= 1. 67fS<»:;^^. Se^r. COS 

HG^^l 0 0CDS3^«$6^1- 6mmg<^i:-2>k:-r 

[0111] CCDDBR^^:i6j:l/QPU SHGSP^ 



io-'^r*So c(Dfc^i>. DBR^^<Dmmo:>m'r 

[0107] ^^cD^^x <h ^m^s^^mam 

^(DSM^R^r^X^ (13) <Z)J:^tc#^6n5. 
[0 108] 
/n. ) "] 
(n, /n. — • (17) 

m^mmtc(D^x{t{^fE>m.'M^n^iy(ox\ttj:i\ 

[0 112] $/c. ±^Lfc^«^CDSHG*-?r«. 
1^— cDS^CDT^SiSKl 0 4;&^QPM SHGgP:8^1 1 

0 1 DBRU^i 2 0 t^mufcmm^rj:^xi.^i>. U 

T^02tc^-rii3icDJ:^^. COQPM SHGSP^}^ 
iDBRaJ^<b€:S9<D»SK:gl:fr. ^ti^ti^mm 
m^U^tVX^lS.iyXhX\.^. -E-cDit-^^^. 

[0 113] <SY{Q^OMm>'^X^. 02, 03*5 
J:?/a4^:#Mb"C. CCO^I^OS HGggOHiEt^j^ 

[0114] c(DsuG^wL^m\r^i^^fc^. e^* 

40 fid) €:Jg5imo«:fl5^m*n«Pp1S:^t^<Dr'*^;&5. 3g 



50 



(0^mx\t. CCr)JS>:*fiaSBffi^:HRi3-7"-{ > 

i?^-r^f^;t>Ok:DBRlfit«:flat^'So C (D D B R tD^tt 

[0 1 1 5] -?-C*C. H2ti. SHG^-i^^QPM S 

uG^mtxyBRU^^m^wmwL^w^'^ . -E-n-eno 

PM SHGS|5^3^(D^^2 1 0 ^XX^BBR^om^ 

tLxmm-^. cn^s^^-en-enopM shg 



10 
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jt^^*3 cto' D B R mBM"^ tm- 6. c n 6 

!f (LD) 2 30t. 7fe^S2 4 0m«U 
>X3^^fflC>-C. 7fe^Jg^$-lfr. SHG^g^rlt^L. 
/cMr*€>o C^Oit-^. QPM SHGg|5»©S^2 1 
0*5i:CXDBRgP:9'O*^2 2 Ott, ±^U/c||ife«^a) 
SHGS^CDit^iHiSI^. §Sffi2 0 0fcci:C^2 0 2 

(^m-ffcytmi^mz o 4*jcfcc;2 o e ^^^jswa^ffls^ 
D B R^^^ 2 2 0 ittmim^iz^ < -r^tc^s 

2 0O-tffi«:l Omm^-r-Si. SW^R€:9 8%«± 

•C*^o CtD^e^-C«. L D 2 3 0 (DM^fflJ^S 1 
U>X3g2 4 0^ffll^r, cn6SHG^^-iLD23 

•Ctt. m2S^jg-C*SSH?S (2a)) ^Stx^C 
;&^-^/cS*jg (6)) ^«:p§«-?:&^65t^^S*f^c2 

[0 117] m4i^7jkr^tio:>mM9i<D3HG^o:>m& 
^0ffeo[>3fe^^S (a^-ti-r) ^yr^^^ 

2 5 0*5j:i:f2 5 2€:5fe^WK:g^L. cn63l&:7T^ 
>'N'2 5 0^J:C/2 b2^mX\tyttfy'^-m(Dj^^^^ 

a2 6 0K:iK^L/r. 02»iSiS*^¥J:<ax«9Hi*rc 

[0 118] c<D^m\t. ±Mbtcmsm(^(D^m^^ 

LiNbO, *S«<DWf4<tLTffil*/t^^. C<0% 
[0119] 

K<Dl8Sbffi*r^%SHG^^*<!:DBRSS*^O^a9 40 

ffi;&^65jcdi). sHGrnj-omncccDt^^^y ^ - 

y^$i±X$>^. gfor, S H G^^CD^H-cr)|g|SgriE 

[0120] * ;^c, m^iii. c(D^m(D:^mv^^Lfc 
HGm^^m^mMmn^i&^'^^'iKmvmmr^ ct so 



30 
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. [0121] -eur. 5feK:Ji^L/cSHG^^t*«S- 
QPM SHG^4dUr{i^@jS:S^ii^<Z)gP^>^DBR 

SHG*^tCj:ntf. ^>S^^tiigP^^DBR<^:Lr 
CD*itg€:it/cif -Sgp^ i Q P M<Z>^6g?:M/lc-l^ -6 gp^} i 
{C^JSUri^-S. cnCCcfcO. 5fe^CMlgL//cS-QPM 
S HG^*>t:>r{±ift5[S^)iSS(7>^;cSHG*T-*^tf 

s H Gm'h(om^misrm^jEmiiC^i> c t t>^m^^(o 

i^^Ctf)^^. *6«>'2>^ffig^^tjoL/rSHGm-T- 

[0 12 2] CCD^moSHGm^^mi.^XSHG^m: 
^miSrr^^. SHG^^*336^2gffi4iK:QPM SH 
GSP^iDBRgP^<!:^lia^>:K::a;^S:^\ LD(D—yj(0 
mi^QPM S H Ggp^}*f6:;^©(BlK: D B RSP^J-^r^g 
•r-SCitC^c^^T. SHG^^%Se3fe<3[>SHG«S<E: 
20 jt-<rfoj±$4±^Ci:^ttl*^o */c. SHGg^^e 
2:S'|aitca2>.SHG^g^«:pfe^RES-C^^n«, 

*^). CC[)J:^CC. CCD^?§CDSHGi^^<ttltf. S 

HG^^nee^tcf^jis c i^j^^ai^-^, 
mil c(mm(DSHGM^(Dm&<o-mmm^m^ 

[03] C:<D^IB©SHGi^(?>ffeO|ygM€:«EilSfi5tc 
[04] SHG^(0 2-:>(DSHGmti^^f&^&^ 

ffl ir > r f s W4r ^-r «sEa r & . 

[05] fie3fe<DSHG^-^(Z)ltit(Z)|ftB^O^^^ 
[06] fi£*cr) S H G^g<D:»gC[>|ft|g(7>;rce56<Dl4m0 
[07] SHG«-^OSffOift?9icetr5. «*?^<Dj8^ 

sccitT -5 :3 fc u >xsL c 4o L woea^^r^r 
0r*^o 

[08] SHG&m,(Dm^<Dmm<Dfc^(OSHG^(D 

*4ta0r'*^. 

[09] SHG^gcT^^CDi^SB^Klgt-r^. LDO^m 

h;U0-C*S« 

[010] SHGilgcOStfCDiftHjtc^-r^. S HG® 
h;l/0r4)^o 

[01 1 ] SHGi^gcDSitOiftflJtcfit-r^. lixd:^ 

[012] CC?[>J^?90r)^®»T^i^7^ffi©Si?atC«-r 
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5o 



[014] s HGm^co^m^&^^wiM^ tifcmnt q 

P M^ft D B R ^ff i (DMfi^^rmra r $) ^ . 

[015] s H Gmf^(o^mi&m(D&mt q pm^s 

10 0: SHG^-? 
10 2. 200. 20 2. 304: 
1 0 4. 2 0 6. 2.0 8. 30S:ytm 
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* 1 0 6. 2 1 8. 2 19: ^W&^^ffiSKM^ 
1 1 0 : QPM SHGSB^^ 
12 0: DBRgP^ 
210: QPM SHG«i^^ 

22 0 : DBRlf3t«^ 

23 0 :^m»i^-1f 



10 



24 0 

250. 252 i^yr^^^- 

2 6 0: Tfe^^^g 300 

3 0 6: 

3 10: mnm 



[01 ] 



100:SHG3S5^ 




[02] 

220 : DBRflBojR^ 210 : QPMSHGflBSS^ 




200.202 206.208: ^^93^ 

S H GSSSOfl 



(14) 



#11^6- 1947 0 8 



[@3] 



■ a« ,100 




S H Q$ffia)63 




=>2uj 



[SI 0 } 



14 : JSJ(aa^fii£S y1Q:SHQSp? 




16 : 



12: LiNbOj 



Iti 



St 

e 

X 
0} 





7500 




5000 



4500 



1200 1240 



J I I fc. 



1280 1320 

tSt^ Cnm> 



1360 1400 



(16) 



mm^e- 194 70 8 



32: 



3^ 58;LO 35 



AR 



J 




SC: *7y-f/^ 




SHGSI8 



[^9] 



1 ] 




G 
IS 




1. 32 1.34 
Cum) 



1.30 1.32 K34 t.36 



i^P§^6-l 947 0 8 



[mi2] 



03 




824 



925 



[H 1 3 ] 





300 r^/l'^xSfr?- 304 : M L 1 N 

302 : US 

3Q2a : 1 0[7«IS 30Zfa : 3^2Cr>«ai 

305 :mim^^^^^ 

306a : h'^'f SOSfa : StgS^ C^^^IS^ 

308 310 : S«MI 



(18) 
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mi 4] 



E 

Be 



a77 



6.78 - 



6-75 _ 



6.72 




6.74 — 



6.73 - 



1343 1344 1345 1346 134r 1346 1348 

S^SaH^ Cnm) 



1350 



[015] 



IS 

m 



6J90 



6^ - 



675 



6.7D 



665 



1S42 




138D 



